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[57] ABSTRACT 

A high speed modem is described that implements a scalable 
data rate ADSL link. The target data rate of the modem is 
scaled appropriately relative to a maximum available pro- 
tocol rate by a factor M based on the signal processing 
capabilities available for performing DMT modulation and 
demodulation. An upstream transceiver is informed of the 
proposed scaling factor during a handshaking procedure, 
and thereafter the data rate of the channel is then scaled 
down by sending M copies of the same DMT symbol to the 
upstream transceiver, which effectively reduces the rate by 
such factor M. A self-executing calibration routine can be 
used for determining the appropriate scaling factor for such 
device, or alternatively, in some contexts a user can config- 
ure such scaling factor directly through a suitable interface. 
The invention can be implemented as a stand-alone imit with 
a self-contained DSP for performing necessary signal 
processing, or as a software modem located within a per- 
sonal computer or similar computing device including por- 
table digital devices such as cell phones, personal digital 
assistants, etc. 

65 Claims, 2 Drawing Sheets 
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FLEXIBLE AND SCALABLE RATE ADSL 
TRANSCEIVER AND SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation-in-part of the 
following additional applications: 

Ser. No. 08/884,895, filed Jun. 30, 1997 for a "Forward 
Compatible And Expandable High Speed Communica- 
tions System & Method of Operation"; 

Ser. No. 08/884,956, filed Jun. 30, 1997 for a "Device 
Driver For Rate Adaptable Modem With Forward Com- 
patible and Expandable Functionality"; 

Ser. No. 08/884,957, filed Jun. 30, 1997 for "Software 
Rate Adaptable Modem with Forward Compatible and 
Expandable Functionality & Method of Operation"; 

Ser. No. 08/884,958, filed Jun. 30, 1997 for "Modular 
Multiplicative Data Rate Modem & Method of Opera- 
tion"; 

Ser. No. 08/884,959, filed Jun. 30, 1997 for a "User 
Controllable Applications Program For Rate Adaptable 
Modem With Forward Compatible and Expandable 
Functionality." 

Ser. No. 08/884,979, filed Jun. 30, 1997 for a "Rate 
Adaptable Modem With Forward Compatible and 
Expandable Functionality & Method of Operation." 

The above applications are hereby expressly incorporated 
by reference. 

HELD OF THE INVENTION 

The invention relates generally to an improved high-speed 
commimications system that establishes a data link using 
only a selectable and scalable portion of the total available 
bandwidth (potential downstream data transmission) of a 
channel. In particular, the present invention permits the 
characteristics (including target data rate) of an ADSL link 
to be controlled based on the capabilities of the processing 
power of a host system that is responsible for implementing 
a software modem. The system is scalable in performance 
based on the available signal processing power of such 
processor, and permits a user to increase throughput to the 
point of achieving fuU potential of the available channel 
bandwidth. 

BACKGROUND OF THE INVENTION 

In the prior applications noted above, it was pointed out 
that Asynmietric Digital Subscriber Line (ADSL) is becom- 
ing more and more and popular for high-speed modem 
applications. The ANSI T1.413 ADSL standard uses a 
technology called Discrete Multi-Tone (DMT) that sends 
data over 255 separate frequency channels, and each 4 kHz 
frequency channel can be made to provide a bit rate up to the 
best present day voice band (33.6 kb/s) modems. This results 
essentially in overall performance that is equivalent to 
around two hundred V0.34 modems used in parallel on the 
same line. Because each channel can be configured to a 
different bit rate according to the channel characteristics, it 
can be seen that DMT is inherently "rate-adaptive" and 
extremely flexible for interfacing with different subscriber 
equipment and line conditions. 

A number of problems arise, however, in attempting to 
implement a full scale ADSL transceiver cost-effectively, 
especially in a software modem environment where avail- 
able signal processing power can vary significantly and 
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unpredictably fi-om device to device. For example, a state of 
the art desktop computer using the latest microprocessor 
technology may have a potential signal processing capability 
many times higher than a simple band-held computing 

5 device. The processor within such devices must also tend to 
a number of additional operating system and application 
tasks which limits the available computational time for 
processing DMT received/transmit symbols. Moreover, 
DMT technology requires advanced analog firont end (AFE) 

10 devices that can also push current technology limits and 
imposes both high cost and power consumption. Both of 
these facts make a full-scale ADSL implementation unde- 
sirable for new and contemplated classes of hand-held 
personal computing devices. Furthermore, requiring a com- 

15 munications device (such as a modem) to fully support the 
total throughput of a standard such as ADSL may be 
unnecessary when prospective users of high-speed data links 
do not need to use all the available bandwidth provided by 
such standards. 

20 As disclosed in the above prior applications, an ADSL 
implementation that permits users to throttle or scale the 
data throughput in a manner they can control, based on their 
particular apphcation needs, hardware cost budget, etc., is 
far more ef&cient and desirable. As such, one approach 

25 discussed at length in the above applications for controlling 
data bandwidth or throughput is to initiate a link in which the 
transmitting spectrum of the ADSL signal is confined to a 
particular set of frequencies (or sub-channels) so that the 
overall data rate can be restricted to a range suitable for the 

30 user setting up the channel. By informing an upstream 
transceiver that only a selected set of sub-channels should be 
used, and controlling this sub-set, a user can also thereafter 
scalably increase the data rate through suitable hardware 
adjustments, including by adding additional AFE stages that 

35 permit a larger section of the ADSL signal to be processed. 
In this manner, the data rate is scaled by processing a larger 
and larger portion of a regiilar ADSL signal within a given 
ADSL symbol period. 

The merits of a scalable data rate ADSL transceiver, 

40 therefore, are well known. Nevertheless, the above solution 
may not be optimal for all possible environments, in the 
sense that it may not be the simplest, most cost-effective, 
most flexible, etc. It would also be extremely desirable if it 
were possible to reduce the effective data rate in other 

45 controllable ways which are flexible, easily implementable 
within the ADSL protocol, and which optimize computa- 
tional loading on available signal processing circuitry. For 
example, in an ADSL software modem context, it would be 
extremely useful if the receive and transmit data rates could 

50 be controlled entirely by software updates and 
modifications, rather than by hardware changes. To dale, 
however, this capability does not exist in prior art ADSL 
modems. 

SUMMARY OF THE INVENTION 

An object of the present invention therefore is to provide 
a communications system which is fully compatible with 
high speed, rate adaptable modulation protocols such as 
used with ADSL, but which system is nevertheless imple- 
50 mentable with simpler digital signal processing circuitry and 
is thus reduced in cost and complexity; 

Another objective of the present invention is to provide a 
method for scaling down a data transmission rate in a DMT 
modulated ADSL channel by processing only a limited 
65 number of symbols in a DMT signal; 

Another objective of the present invention is to provide a 
high speed commimications system having a data through- 
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put that is easily and finely controllable and expandable 
through software cx)ntrol, so that the performance range of 
such system can be configured to any fractional percentage 
of total bandwidth available in a transmission channel, up to 
and including full bandwidth use of the channel; 5 

These objects and others are accomplished by providing 
a scalable data rate transceiver which includes a channel 
interface circuit for receiving an analog data signal from an 
upstream transceiver through a conventional digital sub- 
scriber loop channel. The upstream transceiver negotiates 
with the transceiver on the value of a data rate scaling factor 
M. Thereafter, the upstream transceiver transmits M identi- 
cal copies of an analog data signal, which is sampled by a 
front end receiving circuit and converted into M identical 
digital signals. In a preferred embodiment, the analog data 15 
signals arc DMT symbols representing a number of modu- 
lated sub-channels of an ADSL signal. A data buffer is 
coupled to the fi-ont end receiving circuit and is loaded with 
one of the copies of the M signals. A signal processing 
circuit (either a dedicated DSP or a host processor accessible 20 
to the data buffer through a data channel) then need only 
process one of the M identical digital signals, which results 
in a controlled, scaled data rate reduction by such factor M. 
In a preferred embodiment, therefore, a maximum xDSL 
data rate R available in a digital subscriber loop is scaled to ^5 
a rate R/M to reduce computational load and processing 
requirements of a signal processor used in the signal pro- 
cessing circuit. 

In another embodiment, a separate upstream transmit data 
rate R' is also scaled by a factor M' as well, resulting in a 
scaled data rate R'/M' and thus providing yet another mea- 
sure of control over the computation load on a signal 
processing circuit. The values of M and M* can be indepen- 
dently controlled so as to effectuate a maximum transmit 
rate, a maximum receive rate, a minimum amoimt of data 
computational load on the signal processing circuit, etc. 
Such values for M and M' are generally based on signal 
processing capabilities available to the transceiver and can 
be determined by a calibration routine or determined by a 
user of a host processing device based on system parameter ^ 
options presented to the user by an applications program 
running on the host processing device. 

The present invention can be implemented either with a 
standalone dedicated signal processor in a conventional 
hardware modem configuration, or, alternatively, as a soft- 
ware modem utilizing the native processing capability of a 
host processing device for signal processing requirements. 
In a software modem embodiment, a bus interface circuit is 
needed for transmitting the digital signals from the data 
buffer to a host processing device, and for receiving a 
transmission control signal from the host processing device 
to cause the upstream transmitter to transmit at a data rate 
substantially equal to the scaled data rate R/M. 

Although the inventions are described below in a pre- 55 
ferred embodiment implementing the ADSL standard, it will 
be apparent to those skilled in the art the present invention 
would be beneficially used in any high speed rate-adaptable 
applications. 

It should be noted that while some prior art devices also 60 
have limited mechanisms for achieving a reduction of nomi- 
nal or peak transmission speed in a channel, they only 
activate or implement such mechanisms as a fallback 
response to a failure in the channel, or because of a trans- 
mission rate reduction in the upstream transceiver. Unlike 65 
the present invention, such prior art modems, during an 
initiahzation process, attempt to establish the highest pos- 
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sible transmission rate achievable by the channel and the 
upstream transceiver. In other words, any rate reduction 
imposed by the downstream modem is typically considered 
an unintended and undesirable side effect of bad channel 
characteristics and not a desirable and intentional design 
target as set forth in the present invention. In addition, the 
data rate reduction in such modems is accomplished prima- 
rily by varying the number of bits per baud (hertz) at a fixed 
frequency, and not by controlling the number of symbols 
that can be provided in a downstream data transmission. 

Similarly, while a fixed 300 baud rate downstream modem 
can work with an upstream 33 kb/s rate modem this arrange- 
ment is also unlike the present invention. This is because, 
again, the bandwidth reduction in such prior art device is so 
large that it is considered commercially unusable by today's 
standards. Furthermore, the smaller bandwidth modem is not 
compatible with, and does not support, the higher protocols 
of the higher bandwidth modem, which is also undesirable 
from an implementation standpoint. Stated another way, 
unlike the present invention, the lower end modem limita- 
tions of prior art system force the data link to be set up using 
a low level protocol that does not take advantage of the full 
capabilities of more advanced protocols. 

Finally, there is no mechanism for users of either of the 
prior art systems noted above to expand the functionality of 
such modems in a controlled, flexible, and modular manner. 

The present invention therefore further builds on and 
complements the approach of our earlier-filed channel rale 
control applications. In particular, the present invention 
performs a time domain scaling (rather than a frequency 
domain scaling) of the ADSL signal in order to scale down 
the available channel data rate. The computational load of an 
ADSL system employing the present invention can be scaled 
by negotiating a scaling factor M with the remote 
transceiver, based on the processing power available in (or 
to) the user transceiver. By virtue of the fact that software 
control (rather than fixed hardware performance constraints) 
is utilized to configure the scaUng factor M, more granular 
control over the channel data rate can be achieved. In this 
manner, the scaling factor a user can again achieve a link 
that is entirely compati*ble with ADSL protocols, and yet is 
optimized for the particular computing platform initiating 
the link. Furthermore, the receive and transmit data rates can 
be controlled entirely by software updates and 
modifications, rather than by hardware changes, which is an 
extremely desirable characteristic from the perspective of 
the user of such device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 is a pictorial depiction of the ADSL/DMT band- 
width allocation for upstream and downstream data in a 
channel based on frequency division multiplexing (FDM) 
configuration. 

FIG. 2 is a block diagram of a general implementation of 
a communications system employing the present invention, 
adapted for use in an ADSL envirorunent. 

DETAILED DESCRIPTION OF THE 
INVENTION 

According to the T1E1.4 ADSL standards, data bits are 
grouped and processed every 250 //sec. The number of bits 
that can be processed over one such time frame is the 
summation of the bits allocated for each subchannel deter- 
mined from the previous channel response measurement. 
For a given number of bits assigned to a certain subchannel, 
quadrature amplitude modulation (QAM) is used to convert 
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bits to a complex value, which is then modulated by the 
subchannel carrier at the corresponding frequency. The 
general circuits used in prior art ADSL systems are well- 
known in the art, and will not be discussed at length herein 
except where such structures or procedures have been modi- 
fied in accordance with the teachings herein. 

Hie full downstream data throughput of a typical prior art 
ADSL standard transceiver approaches 6 Mbps, which is 
more than 200 times the speed of conventional analog 
modem technology. This requirement was imposed since a 
large part of the initial motivation to implement ADSL was 
to achieve high speed multimedia communications and 
video teleconferencing. 

Nevertheless, a large number of potential users cannot or 
do not need to achieve such wide bandwidth capabihty. For 
example, most contemporary (and contemplated) hand-held 
computing devices are not likely to include extremely pow- 
erful onboard digital signal processing capability even 
though such devices are expected to be interfaced to some 
degree with xDSL links. Other potential users of ADSL (or 
similar high speed loops), including many who are intending 
to use such links primarily for Internet access, only need to 
achieve downstream transmission speeds that are in the 
hundreds of kilobits per second range. This data rate is in 
fact achievable using only a fraction of the available band- 
width of ADSL. 

By scaling the data rate in a controlled fashion, the present 
invention permits a data rate limited ADSL link to be 
effectuated with significantly less expense and complexity 
than previously possible. At the same time, because the 
present invention is flexibly upgraded, the proposed imple- 
mentation of the present invention affords users an easy path 
to forward and upward expansion of the overall functionality 
of their system. The present invention adjusts the data rate 
of an xDSL link by providing two time scaling factors M and 
M' in the receive and transmit directions respectively. These 
two factors are determined by estimating available signal 
processing power of a communications system to represent 
the fractional capabiUties of the particular transceiver in 
question compared to a nominal full xDSL data rate imple- 
mentation. After these factors are determined, they are 
communicated to an upstream transceiver during a hand- 
shaking procedure so that any data link established is data 
rate constrained to match the downstream transceiver's 
signal processing capability. As the signal processing capa- 
bility available to the transceiver is enhanced (either through 
an upgraded dedicated processor or additional computation 
horsepower provided by a host processor), the scaling factor 
M and M' can be reduced, resulting in an increase in the data 
rate for the link. 

GENERAL EMBODIMENT OF PRESENT 
INVENTION 

The basic structure of the present invention is depicted 
generally in FIG. 2, In general, the present invention can be 
embodied in different combinations of hardware and soft- 
ware. The primary difference between these embodiments is 
the specific implementation of the DMT core, and this is 
discussed in more detail below. 

The structure and operation of ADSL transceivers is 
well-known in the art, and for that reason the present 
description primarily details those aspects of such transceiv- 
ers which are necessary to an understanding of the inven- 
tions herein. As seen in FIG. 2, a channel 100 is made of a 
regular copper wire "loop", and each such loop may have 
differing electrical properties, transmission lengths (sizes). 
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varying attenuation characteristics, and a number of impair- 
ments or interferences. Splitter 210, a conventional and 
well-known circuit, separates a DMT signal occupying more 
than 200 sub-channels from a lower end 4 kHz POTS analog 

5 signal. The latter can be used for simultaneous voice or 
conventional analog modem transmission. It will be appre- 
ciated as well by skilled artisans, however, that the present 
invention is also completely compatible with so-called 
"sphtterless" ADSL solutions. Hybrid circuit 220 is also 
well-known in the art, and consists primarily of conven- 
tional transformers and isolation circuitry used in a wide 
variety of high-speed devices interfacing to standard tele- 
phone lines. A ring detect logic circuit 290 can also be 
implemented using accepted techniques, to alert a Control 
Interface 245 to the existence of a transmission signal 
originating from an upstream transceiver (not shown). 

The full bandwidth signal is bandpass limited to a fre- 
quency width B by suitable, well-known techniques as it 
passes through bandpass Filter and Analog/Digital Con- 

20 verter 280. The received DMT signal is sampled (using any 
of a number of well-known techniques) and buffered in 
Buffer 270, which, in a preferred embodiment, is a FIFO. 
This FIFO is large enough to hold a single block of samples 
for one DMT symbol. Alternatively, it may be desirable in 

25 some contexts for Buffer 270 to include a larger FIFO that 
is capable of holding more than one DMT sample at a time. 

Based on a scaling factor M determined during the 
handshaking process during the time the xDSL link is 
established with an upstream transceiver. Buffer 270 stores 

30 only one DMT symbol from every set of M symbols 
received. That is, of the M symbols, M-1 symbols are not 
stored but simply discarded. This scales down the processing 
load of Receiver Core 260 by a factor of M. 

DMT Receiver Core 260 is responsible for extracting the 

35 original data stream from the numerous sub-carriers within 
any specific received DMT symbol block. Based on a 
scaling factor M negotiated between transceiver 200 and an 
upstream transceiver, DMT Receiver Core 260 will only 
process one out of every M received blocks of DMT 

40 symbols. The remaining M-1 frames are ignored or dropped 
as depicted visually in FIG. 2. This aspect of the invention 
results in the fact that the signal processing capability 
required is reduced correspondingly by a factor M. In a 
preferred embodiment, M can be practically varied in inte- 

45 gral values from 1 to 10, and is preferably an integer 
between 1 and 6. The additional M-1 frames can be dropped 
of course since they are merely duplicates of each other 
transmitted by the upstream transceiver. In this manner, the 
effective data rate of the xDSL link is scaled down by a 

50 factor M. In the limiting case, M=l, and a full xDSL data 
rate can be achieved. In other words, a reduced received data 
rate R(Rx)/M is effectuated where R(Rx) is the nominal 
maximum downstream data rate available in the particular 
xDSL protocol being used. 

55 Again in a preferred embodiment, Control Interface 245 
receives system configuration information firom a host 
through bus 201. This information may contain such param- 
eters as target throughput rate R, target enor rate, etc. By 
evaluating the signal processing capability of DMT receive 

60 core 260, and taking into consideration a requested target 
data rate R, Control Interface 245 can determine M prior to 
data transmission. Again, unlike the prior art, the feedback 
information concerning M is provided by transceiver 200 
based primarily on the limiting factor of signal processing 

65 capabilities available at transceiver 200 to implement the 
DMT Rx and Tx data pumps, and not with regard to the 
transmitting capacity of the upstream transceiver, or the 
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bandwidth of channel 100. This is because, under typical (i) unlike hardware architectures implementing a full 

operating conditions, the upstream transceiver and the chan- T1.413 ADSL standard, the present invention loads a 

nel in an xDSLlink are expected to have significantly higher DMT block in the receive Buffer 270 every M DMT 

data rates. symbols, where M is agreed to during a handshaking 

The DAC 230 and Buffer 240 in the front end transmitting s procedure between the upstream and downstream 

circuit can preferably transmit upstream data using a second transceivers; 

frequency bandwidth different from that of the downstream ^60 is basicaUy implemented the same 

transmission. However, this is not necessary in systems ^ ^^^^^ ^ ^^^^ ^ ^^^^ 

llf'^'r'. 1°'' applications, the size of differences, including the fact that it is only necessary 

this bandwidth is considerably smaller to support a much m . ir r^^^T. u 1 Lt 1 -^i-* 

„ . - ^ . J, . r 10 to process one of every M DMT symbol blocks withm 

smaller number of sub-channels. A major modification of *u * j j i-^er / • j *u j ttttt 

... , ^. , r^oT * • • *u r * the standard xDSL time penod, the speed of FFT 

this mvention to a conventional xDSL transceiver IS the fact . , li J * tc 

*u * r» ir -^Afi ' C11 J **t r *u * implementation Can be slowcr and more cost-cffective; 

that Buffer 240 is filled with M times of the same trans- ^ 

mitted DMT symbol. Because of the disparate transmit and (i^O Control logic 245 permits the system to behave 

receive rates in xDSL systems (such as ADSL), the M and essentially like a convenUonal analog modem, and is 

M' values can be different. The scaling factor M' on the to support necessary setup tasks such as diahng 

transmit side is determined based on the signal processing handshaking; 

capability available to process DMT symbols. As such (iv) The sampling clock rate, the DMT symbol rate, pilot 

symbols are generated by DMTTx Core 250, they are stored tones, and upstream and downstream frequency bands 

in Buffer 240 and then converted to analog wave forms by 20 remain unchanged from a typical xDSL implementa- 

DAC 230. In another preferred embodiment, Buffer 240 tion. The number of samples per symbol, as well as the 

only needs to store one DMT block and DAC 230 can be time duration of a symbol, are also kept the same, 

controlled by conventional hardware or software logic to These facts make the present invention extremely 

repetitively read Buffer 240 M' times. This scaling reduces attractive as a flexible adaptation of xDSL technolo- 

the load of DMT Tx core 250 by a factor of M\ and reduces 25 8^^^- 

the transmit data rate to R(Tx)/M', where R(Tx) is the (v) The characteristics of a software xDSL transceiver (as 

nominal maximum upstream data rate available in the par- discussed in more detail below), including receive and 

ticular xDSL protocol being used. transmit data rates, can be controlled entirely by soft- 

In a preferred mode of operation, therefore, scaling fac- ware updates and modifications to the DMTTx and Rx 

tors M and M' are first determined for transceiver 200. 30 routines, rather than by hardware changes. 

Generally speaking, these factors are determined by mea- Other variations which maximize the utility of available 

suring the time required for the available digital signal signal processing power are apparent. For example, it is 

processing to process a complete frame, taking into account conceivable that in some applications it will be desirable to 

other typical overhead requirements. This determination determine a range of values for M and M', and/or to control 

procedure can take the form of a self-test or calibration 35 the relationship between M and M'. 

routine that is entirely embedded within a control routine Other variations, which maximize the utility of available 

associated with a DSP onboard such transceiver, or, signal processing power, are apparent. For example, it is 

alternatively, in a software modem application, as part of a conceivable that in some applications it will be desirable to 

control routine executed by an off-board processor assod- determine a range of values for M and M' and/or to control 

ated with a user's computing system. It may be desirable, in 40 the relationship between M and M*. For example, it may be 

some contexts to permit a user to configure the specific preferable to set M=M' so that the total time spent for each 

allocation of transmit and receive data rates through a DTM symbol processing is a small fraction of the symbol 

conventional software program running on such user's per- period. Alternatively, M and M' can be set to maximize 

sonal computer. These routines can be implemented in any either the transmission rate or the receive rate while keeping 

number of known ways, and examples are provided in the 45 the total computation time within a small fraction of the 

prior applications noted above. The values for M and M' overall system load. For example, to maximize the trans- 

(which could also include a range of minimum and maxi- mission rate, the scaling factor M for the receiver is set to the 

mum values for such factors, and/or a relationship between maximal allowable value and M* for the transmitter is 

M and M') can be stored onboard transceiver 200 or within minimized so that the total computation load is within a 

an off-board computing system. 50 small fraction of the overall system load. A similar process 

When it is desired to establish an xDSL compatible link, can be performed when the receive rate needs to maximized, 

standard hand-shaking protocols are utilized such as sped- Another possible criterion for setting up the scaling factors 

fied in the T1.413 standard. In addition, however, the is to maintain a certain transmission and receive rate ratio 

upstream transceiver is notified and given information con- while minimizing the overall load. In this case, the total load 

cerning the data rate scaling factors M and M' that trans- 55 

ceiver 200 wishes to use for the particular link. Assuming _ 

the upstream transceiver contains compatible handshaking ^~ M' M 

processing logic, it can either notify downstream transceiver 

200 of the acceptability of such reque^, or alternatively, in ^ ^Mmh^d and L„ are the computation load for the 

turn request a modificauon of such fac ors based on an 60 transmitter and receiverrrespectively) while the data rate 

evaluation of such items as channel characteristics, the target 
data rates, the processing power available at the upstream 
transceiver, etc. If the linked transceivers are otherwise able 
to agree on a set of scaling values M and M', the resulting 

link is set up to operate in the maimer described above. 65 ^n/M 

Some special features of the present invention include the 

fact that: is maintained at a constant C. 



ratio 
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The data transmit and receive rates of the transceiver 
system therefore could be finely controlled and allocated 
according to the characteristics, needs or desires of any 
particular user of such system. Moreover, by providing and 
storing a range of scaling values for M and M', say 3<M<6, 5 
and 4<M'<8, a data link can be flexibly and quickly estab- 
lished without the need for further calibrations or processing 
power determinations. 

While DMT Tx Core 250 and DMT Rx Core 260 are 
shown coupled closely to the fi"ont end stages of transceiver lo 
200, in what may be considered a dedicated hardware 
implementation, it is apparent that they could also be 
embodied within a host computing system as part of a 
"software" modem as explained in more detail below and in 
the previously filed applications mentioned above. Briefly, 15 
however, in a dedicated hardware type implementation 
DMT sub-channel modulation core is implemented com- 
pletely in dedicated processing hardware. For this 
application, DMT Receiver Core 260 typically includes a 
digital signal processor (DSP) (not shown) and including 20 
on-board program ROM (or other suitable memory) for 
storing executable microcode routines for performing bit, 
energy and SNR measurements of the carriers in the sub- 
channels. In such cases system 200 is typically incorporated 
on a printed circuit board. By mounting or packaging the 25 
circuits used in such blocks in an accessible fashion, they 
can be replaced or supplemented much in the same way 
present users of personal computers can upgrade their moth- 
erboards to include additional microprocessing power or 
DRAM enhancements. One practical alternative, for 30 
example, would be to have an available zero insertion force 
(ZIF) socket for replacing the DSP or additional available 
slots to accommodate new DSPs so that a greater number of 
frames can be processed within a particular time period by 
DMT Rx Core 260 and DMT Tx Core 250. Other practical 35 
and simple variations of this approach will be apparent to 
those skilled in the art. 

In the above dedicated hardware embodiment, the overall 
speed (data throughput) can be maximized but with less 
flexibility for upgrades. This is because upgrades to such a 40 
system must take the form of hardware replacements, which 
can be more costly and difiScult for the user to incorporate. 
On the other hand a number of important functions of a 
communications system can be completely implemented in 
software, in an analogous fashion to what is commonly 45 
described in the art as a "software" modem. In this case, the 
overall speed of the system depends on the user's processor 
power available to such user, and only the AFE and Buffer 
portions of the transceiver need be implemented in hard- 
ware. Such software modem implementations could be used 50 
in a personal computer system, a hand-held personal digital 
assistant, a cellular telephone, and similar portable devices 
having available signal processing capability. 

The primary differences between such embodiments are 
generally: (1) implementation of DMT modulation; (2) 55 
implementation of the control and handshaking functions; 
and (3) implementation of the control interface. An example 
of both dedicated hardware and software embodiments of an 
xDSL transceiver is provided in the above-referenced 
applications, and either of such embodiments could be used 60 
effectively with the present invention. Moreover, a more 
detailed characterization of preferred embodiments of 
device drivers and user application programs that could 
control transceiver 200 are also provided in such applica- 
tions. 65 

Although the present invention has been described in 
terms of a preferred ADSL embodiment, it will be apparent 
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to those skilled in the art that many alterations and modifi- 
cations may be made to such embodiments without depart- 
ing from the teachings of the present invention. For 
example, it is apparent that the present invention would be 
beneficial used in any xDSL or high speed multi-carrier 
application environment Other types of VLSI and ULSI 
components beyond those illustrated in the foregoing 
detailed description can be used suitably with the present 
invention. Accordingly, it is intended that the all such 
alterations and modifications be included within the scope 
and spirit of the invention as defined by the following 
claims. 
What is claimed is: 

1. A scalable data rate transceiver comprising: 
a channel interface circuit for coupling to and receiving an 

analog data signal fiom a data channel; and 
a front end receiving circuit for sampling the analog data 
signal and generating digital signal blocks based on 
such analog data signal; and 
a data buffer coupled to the fi-ont end receiving circuit 
which is adapted to be loaded M consecutive times with 
a selected one of said digital signal blocks, such that 
said selected one of said digital signal blocks is used 
during each of the M loadings, where M has a value>= 

1; 

a signal processing circuit, which circuit is configurable 
so that it can process one of the M digital signal blocks 
fi-om the M loadings; 
wherein a data rate R achievable in the data channel is 
scaled by the value of M resulting in an effective rate 
R/M achieved by said transceiver. 

2. The transceiver of claim 1, wherein the signal process- 
ing circuit is configured to transmit the value of M to an 
upstream transceiver during a data link initialization proce- 
dure so that a data link is configurable using the data rate 
R/M. 

3. The transceiver of claim 2, wherein the value of M is 
adjustable to a value Mn (Mn>M) in response to feedback 
information from the upstream transceiver so that a data rate 
R/Mn is achieved. 

4. The transceiver of claim 1, wherein data rate R/M is a 
received data rate used for data received from an upstream 
transceiver, and a second data rate R'/M' is used for data 
transmitted from said scalable data rate transceiver to the 
upstream transceiver, where R' is a maximum available 
transmission rate, and M' is an integer>=l. 

5. The transceiver of claim 4, wherein the received data 
rate and transmitted data rate are independently controllable 
by varying such values of M and M'. 

6. The transceiver of claim 5, wherein a signal processing 
circuit compulation load L^ is needed for processing a 
received data symbol, and a signal processing circuit com- 
putation load L^ is needed for processing a transmitted data 
symbol; and wherein a data rate ratio (R/M)/(R'/M') is 
maintained substantially constant while a data load 

is minimized. 

7. The transceiver of claim 1, wherein the value of M is 
configurable as an integer value including from 1 to 10. 

8. A high speed communications data receiver for receiv- 
ing data from an upstream transceiver that is configured to 
transmit a data stream up to a data rate R, the receiver 
comprising: 
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a channel interface circuit for coupling to and receiving transmission control signal from the host processing 

said data stream having said rate R; an analog front end device to cause a remote transmitter to transmit at a 

circuit for data sampling analog signals, and generating data rate substantially equal to a data rate R/M during 

digitals; any data stream transmission, where R represents a data 

a digital signal storage buffer for storing one of every M 5 rate used by said remote transmitter; 

generated digital signals such that an effective received wherein the value of M is based on computing capabilities 

data rate R/M is achieved, where M is a data rate of the host processing device. 

scaling factor and has an integer value>«l; 18. The system of claim 17, wherein the value of M is 

a bus interface circuit for transmitting the stored digital selected for said system based on signal processing capa- 

signal to a host processing device, and for receiving a 10 ^"^^^^ processing device that are available to 

transmission control signal from the host processing ^ ^n^^^^™* , r , ^- u • vi. 

. . , -J * • ♦ «f 19. The system of claim 17, wherem a calibration routine 

device to cause said upstream transceiver to transmit at * j l *u u * • j • j * • *i. 

J , , u * 11 1 * -J J * * Tif\A executed by the host processmg device determines the 

a data rate substantiaUy equal to said data rate R/M capabilities avaUable to the host processor 

during any data stream transmission; ^^^^^^ as well as said value for said data rate scaling factor 

wherein signal processing requirements of said receiver 15 |^ 

are reduced because processing is only performed on 20. The system of claim 17, wherein the value of M is 

one of every M digital signals. configurable by a user of the host processing device based on 

9. The receiver of claim 8, wherein the value of M is system parameter options presented to the user by an appli- 
selected for said receiver based on signal processing capa- cations program running on the host processing device, 
bilities of the host processing device that are available to 20 21. The system ofclaim 17, wherein the system is adapted 
said receiver. to transmit the value of M to said remote transmitter during 

10. The receiver of claim 9, wherein a calibration routine a data link initialization procedure so that a data link is 
executed by the host processing device determines the configurable using the data rate R/M. 

processing capabilities available to the host processing 22. The system of claim 17, wherein data rate R/M is a 

device, as well as said value for said data rate scaling factor 25 received data rate used for data received from an upstream 

M. transceiver, and a second data rate R'/M' is used for data 

11. The receiver of claim 9, wherein the value of M is transmitted from said system to said remote transmitter, 
configurable by a user of the host processing device based on where R' is a maximum available transmission rate, and 
system parameter options presented to the user by an appli- where M' is an integer>=l. 

cations program running on the host processing device. 30 23. The system of claim 17, wherein the received data rate 

12. The receiver of claim 8, wherein the data receiver is and transmitted data rate are independently controlled by 
adapted to transmit the value of M to an upstream trans- varying such values of M and M'. 

ceiver during a data link initialization procedure so that a 24. The system of claim 22, wherein a host processing 

data link can be established using the data rate R/M. device computation load is needed for processing a 

13. The receiver of claim 8, wherein data rate R/M is a 35 received data symbol and a host processing device compu- 
received data rate used for data received from an upstream tation load h^^ is needed for processing a transmitted data 
transceiver, and a second data rate R'/M' is used for data symbol; and wherein a data rate ratio (R/M)/(R'/M') is 
transmitted from said scalable data rate receiver to the maintained substantially constant while a data load 
upstream transceiver, where R' is a maximum available 

transmission rate, and where M' is an integer>-l. 40 _ Lu L„ 

14. The receiver of claim 13, wherein the received data ^~ M' M 
rate and transmitted data rate are independently controlled 

by varying such values of M and M'. ^ minimized 

15. The receiver of claim 14, wherein a host processing >^ffT-i_ * v 1 - u a ui 

^. ijT • jjr * 25. The system of claim 17, wherem M is configurable as 

device computation load is needed for processmg a 45 . . ij- r 

. J * an mteger value mcluding from 1 to 10. 

received data symbol and a host processing device compu- ^6. A data rate scalable xDSL software transceiver com- 

tation load L^^ is needed for processing a transmitted data . . 

symbol; and wherein a data rate ratio (R/M)/(R'/M') is pnsmg. . . ^ 

maintained substantially constam while a data load ^ f^"^^^^ f ^^.P^g and receiving an 

analog data signal from a digital subscnber loop data 

^ ^ channel; and 

^'W'^'m ^ ^^^^^ receiving circuit for sampling the analog data 

signal and generating a digital DMT symbol based on 
such analog data signal; and 

is minimized. 55 a data buffer coupled to the front end receiving circuit 

16. The receiver of claim 8, wherein M is configurable as which from every set of M consecutive DMT symbols 
an integer value including from 1 to 10. generated by the front end circuit generates a single 

17. A high speed communications system comprising: DMT symbol; and 

a channel interface circuit for coupling to and receiving an a bus interface circuit for transmitting the stored DMT 

analog data signal from a channel; and symbol to a host processing device, and for receiving a 

a front end receiving circuit for processing said analog transmission control signal from the host processing 

data signal and converting it to a digital signal; and device to cause a remote transceiver to transmit at a 

a digital signal storage buffer for receiving M substan- data rate substantially equal to a data rate R/M during 

tially identical copies of such digital signal, where M is any data stream U-ansmission, where R is a maximum 

a data rate scaling factor and has an integer value >=1; 65 data rate for said remote transceiver; 

a bus interface circuit for transmitting the stored digital wherein a value for M is adjustable by said transceiver 

signal to a host processing device, and for receiving a based on characteristics of the host processing device. 
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and said data rate of said transceiver is controllable 
based on the value for M. 

27. The transceiver of claim 26, wherein the value of M 
is selected based on signal processing capabilities of the host 
processing device. 5 

28. The transceiver of claim 26, wherein the value of M 
is configurable by a calibration routine executed by the host 
processing device to determine the processing capabilities 
available to the host processing device. 

29. The transceiver of claim 26, wherein the value of M 
is configurable by a user of the host processing device based 
on system parameter options presented to the user by an 
applications program running on the host processing device. 

30. The transceiver of claim 26 wherein data rate R/M is 
a received data rate used for data received from said remote 
transceiver, and a second data rate R'/M' is used for data 
transmitted from said scalable data rate transceiver to the 
remote transceiver, where R' is a maximum available trans- 
mission rate and where M' is an iDteger>-l. 

31. The transceiver of claim 30, wherein the received data 
rate and transmitted data rate are independently controlled 20 
by varying such values of M and M'. 

32. The transceiver of claim 31, wherein a signal pro- 
cessing circuit computation load is needed for process- 
ing a received data symbol, and a signal processing circuit 
computation load is needed for processing a transmitted 25 
data symbol; and wherein a data rate ratio (R/M)/(R'/M') is 
maintained substantially constant while a data load 

^ M''*' M 30 

is minimized. 

33. The transceiver of claim 26, wherein M is config- 
urable as an integer value including from 1 to 10. 

34. A data rate scalable xDSL transceiver comprising: 35 
a channel interface circuit for coupling to and receiving an 

analog data signal from a digital subscriber loop data 
channel; and 

a front end receiving circuit for sampling the analog data 
signal and generating a digital DMT symbol based on 40 
such analog data signal; and 

a data buffer coupled to the firont end receiving circuit 
which from every set of M consecutive DMT symbols 
generated by the front end circuit generates a single 
DMT symbol; and 45 

a signal processing circuit for processing the single DMT 
symbol; 

wherein a value for M is configurable based on charac- 
teristics of the signal processing circuit, and a data rate 
R/M of the data rate scalable transceiver is controllable 50 
based on the value for M, where R is a data rate used 
by a remote transceiver and 

further wherein the data rate scalable xDSL transceiver is 
configured to transmit the value of M to said remote 
transceiver during a data link initialization procedure. 55 

35. The transceiver of claim 34 wherein M is configurable 
as an integer value including from 1 to 10. 

36. The transceiver of claim 35, wherein the value of M 
is selected for said transceiver based on signal processing 
capabilities of the signal processing circuit. 

37. A data rate scalable xDSL transceiver comprising: 

a channel interface circuit for coupling to and receiving an 
analog data signal from a digital subscriber loop data 
channel; and 

a front end receiving circuit for sampling the analog data 65 
signal and generating a digital DMT symbol based on 
such analog data signal; and 
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a data buffer coupled to the front end receiving circuit 
which from every set of M consecutive DMT symbols 
generated by the front end circuit generates a single 
DMT symbol; and 

a signal processing circuit for processing the single DMT 
symbol; 

wherein a value for M is configurable based on charac- 
teristics of the signal processing circuit, and a data rate 
of the transceiver is controllable based on the value for 
M; and 

further wherein a received data rate R/M is used for data 
received from a remote transceiver, where R is a 
maximum transmit data rate for said remote 
transceiver, and a second data rate R'/M' is used for data 
transmitted from the data rate scalable xDSL trans- 
ceiver to said remote transceiver, where R' is a maxi- 
mum available transmission rate for the data rate scal- 
able xDSL transceiver, and where M' is an integer>-l . 

38. A data rate scalable xDSL transceiver comprising: 

a channel interface circuit for coupling to and receiving an 
analog data signal from a digital subscriber loop data 
channel; and 

a front end receiving circuit for sampling the analog data 
signal and generating a digital DMT symbol based on 
such analog data signal; and 

a data buffer coupled to the front end receiving circuit 
which from every set of M consecutive DMT symbols 
generated by the front end circuit generates a single 
DMT symbol; and 

a signal processing drctiit for processing the single DMT 
symbol; 

wherein a value for M is configurable based on charac- 
teristics of the signal processing circuit, and a data rate 
of the transceiver is controllable based on the value for 
M; and 

further wherein a received data rate R/M is used for data 
received from a remote transceiver, where R is a 
maximum transmit data rate for said remote 
transceiver, and a second data rate R'/M' is used for data 
transmitted from the data rate scalable xDSL trans- 
ceiver to said remote transceiver, where R* is a maxi- 
mum available transmission rate for the data rate scal- 
able xDSL transceiver and where M' is an integer>=l: 

whereby the received data rate and transmitted data rate 
are independently controlled by varying such values of 
M and M'. 

39. A data rate scalable xDSL transceiver comprising: 

a channel interface circuit for coupling to and receiving an 
analog data signal from a digital subscriber loop data 
channel; and 

a front end receiving circuit for sampling the analog data 
signal and generating a digital DMT symbol based on 
such analog data signal; and 

a data buffer coupled to the front end receiving circuit 
which from every set of M consecutive DMT symbols 
generated by the front end circuit generates a single 
DMT symbol; and 

a signal processing circuit for processing the single DMT 
symbol; 

wherein a value for M is configurable based on charac- 
teristics of the signal processing circuit, and a data rate 
of the transceiver is controllable based on the value for 
M; and 

further wherein a received data rate R/M is used for data 
received from a remote transceiver, where R is a 
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maximum transmit data rate for said remote 

transceiver, and a second data rate R'/M' is used for data - i^. + ^Zi 
transmitted from the data rate scalable xDSL trans- M* M 
ceiver to said remote transceiver, where R' is a maxi- 
mum available transmission rate for the data rate seal- ^ is minimized. 

able xDSL transceiver, and where M' is an integer>«l, 44. The transceiver of claim 40, wherein M and M' have 

such that the received data rate and transmitted data variable integer values including from 1 to 10. 

rates are independently controUed by varying such A method of implementing a scalable data rate trans- 

r » * J * * J ceiver comprising the steps of: 

values of M and M; and in -. ,*:.ir ij 

receivmg an analog data signal irom a data channel; and 

further wherein when a computation load is needed for sampling the analog data signal and generating a digital 

processing a received symbol, and a computation load signal based on such analog data signal; and 

is needed for processing a transmitted symbol, a receiving M substantially identical copies of such digital 

data rate ratio (R/M)/(R'/M') is maintained substantially signal, where M is configured to have a value>=l; 

constant while a data load processing one of the M copies of the digital signals; 

wherein a data rate R achievable in the data channel is 
scalable by the value of M resulting in an effective rate 

^~ TT'* ~M achieved by said transceiver. 

46. The method of claim 45, wherein the value of M is 
20 based on computing capabihties of a signal processing 

is minimized circuit used for processing the digital signals, 

40. A data rate scalable transceiver configured to be used TTie method of claim 45, further including a step 
J- V 1 i_ -i. 1 J * J * transmittmg the value of M to an upstream transceiver 

m a digital subscriber loop supportmg a downstream data ^ ^^^^ initialization procedure so that a data Unk 

transmission rate R and an upstream data transmission rate ^5 established using the data rate R/M. 

R', said transceiver comprising: 45 x^e method of claim 45, further including a step of 

an interface circuit for coupling to and receiving an adjusting M to have a value Mn (Mn>M) in response to 

analog data signal from said digital subscriber loop; feedback information from an upstream transceiver so that a 

data rate R/Mn is achieved. 

. . - 1 J . 49. The method of claim 45, wherein data rate R/M is a 

a bont end receivuig circuit lor sampUng He analog data ^^^j^^^ j^,^ j^,^ ^^.^^^ 

an upstream 

signal and generating a received digital DMT symbol transceiver, and a second data rate R/M' is used for data 

based on such analog data signal; and transmitted from said data rate transceiver to the upstream 

a receive data buffer coupled to the front end receiving transceiver, where R' is a maximum available transmission 

circuit which from every set of M consecutive DMT 35 rate, and where M' is an integer>«l. 

symbols generated by the front end circuit generates a 50. The method of claim 49, wherein the received data 

single DMT symbol, whereMhasanintegervalue>=>l; [^^e and transmitted data rate are independently controlled 

r by varying such values of M and M . 

51. The method of claim 50, wherein a computation load 

a signal processing circuit for processing the single jg needed for processing a received data symbol, and a 

received DMT symbol, and for generating a sequence 40 computation load is needed for processing a transmitted 

of M' identical DMT symbols containing data to be data symbol; and wherein a data rate ratio (R/M)/(R'/M') is 

transmitted by said transceiver, where M' has an integer maintained substantially constant while a data load 
value>-l; and 

a transmit data buffer for storing the M' identical DMT 
symbols from the signal processing circuit; and 

a front end transmitting circuit for generating an analog 

transmission data signal based on the M' DMT sym- is minimized. 

bols; and 52. The method of claim 45, wherein M is configurable as 

wherein said downstream data transmission rate R is 50 an integer vdue including from 1 to 10. 

„ ,^ , , . , , , 53. The method of claim 45, nirther mcludmg a step 

scaled to a rate R/M and said upstream data transmis- ^^^^^^^ compatible data link is set up by said 

sion rate R' is scaled to a rate R'/M'. transceiver in said chamiel. 

41. The transceiver of claun 40, wherein the values of M 54. Amethod for communicating data to a host processing 
and M* are selected for said transceiver based on signal ^j^^ice from an upstream transceiver transmitting an analog 
processing capabilities of the signal processing circuit. ^j^ta transmission signal using a nominal data rate R in a 

42. The transceiver of claim 40, wherein the transceiver is channel coupled to the host processing device, said method 
configured to transmit the values of M and M* to an upstream comprising the steps of: 

transceiver during a data link initialization procedure so that receiving said analog data transmission signal from the 

a data link is configurable using the downstream data charmel; and 

transmission rate R/M and upstream data transmission rate processing the analog data transmission signal and gen- 

R'/M*. erating a corresponding digital signal; and 

43. The transceiver of claim 40, wherein a computation storing one of every M generated digital signals generated 
load L„ is needed for processing a received data symbol and during step (b) such that an effective received data rate 
a computation load is needed for processing a transmit- 65 R/M is achieved with the upstream transceiver, where 
ted data symbol; and wherein a data rate ratio (R/M)/(RVM') M is a data rate scaling factor and has an integer 
is maintained substantially constant while a data load value>=l; 
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processing said one of every M digital signals; and (c) generating feedback information indicating to the 

generating feedback information indicating to the upstream transceiver that a data rate of R/M should be 

upstream transceiver that a data rate of R/M should be used for data transmission; and 

used in said channel even when said channel can (d) receiving an analog data transmission signal at an 

support said data rate R. 5 effective data rate R/M from the upstream transceiver; 

55. The method of claim 54, wherein the value of M is ^nd 

based on computing capabiUties of a signal Processing generating a digital signal based on sampling the 

cu"cuit used for processmg said one of every M digital , . . . ^ . . . . . r c 

signals & ^ analog data transmission signal; and 

56. The method of claim 54, wherein data rate R/M is a 10 (0 transmitting the digital signal to said host processing 
received data rate used for data received from the upstream device so that it is processed to extract selected data 
transceiver, and a second data rate R/M' is used for data from the data carrying signals. 

transmitted to the upstream transceiver, where R' is a maxi- 61. The method of 60 further including a step: determin- 

mum available transmission rate, and where M' is an ing an optimal value for M based on processing capabilities 

integer>=l. l^ of said host processing device. 

57. The method of claim 56, wherein the received data 62. The method of claim 60, further including a step 
rate and transmitted data rate are independently controlled wherein protocol information pertaining to standards appli- 
by varying such values of M and M'. cable to Asymmetric Digital Subscriber Loops is transmitted 

58. The method of claim 54, wherein M and M' are ^y the upstream data transceiver so as to set up an ADSL 
configurable as integer values including from 1 to 10. 20 ^^Qj^pg^ible data link. 

59. The method of claim 54, further including a step ^3 -j^e method of claim 61, wherein data rate R/M is a 
wherein an ADSL compatible data link is set up by said ^^^^-^^ ^ ^^^^ ^^^^ ^^^^ ^^^.^^^ ^p^^^^^^ 
transceiver in said channel. . . transceiver, and a second data rate R/M' is used for data 

60. A method of operating a high speed communications transmitted to the upstream transceiver, where R' is a maxi- 
system that is coupled through a channel to a host processing 25 ^^^.^^^^^ transmission rate, and where M' is an 
device and an upstream transceiver supportmg an analog inteEer>=l 

data transmission signal having a data rate R, said method ^te method of claim 63. wherein the received data 

comprismg. ^^t^ transmitted data rates are independently controlled 

(a) configuring said system to achieve a receive data rate by varying such values of M and M'. 

R/M, where M is a data rate scahng factor and has an 65. The method of claim 64, wherein M and M' are 

integer value>«l; and configurable as integer values including from 1 to 10. 

(b) receiving an analog initiaUzation signal at said rate R 

from the upstream transceiver through the channel; and * * * * ♦ 
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